Around the World) study assessed the effectiveness of a high-protein, low-glycaemic-index diet and a moderate-protein, moderate-glycaemic-index diet to decrease IR in insulin-resistant children who were overweight or obese. Inclusion criteria were age 10 to 17 years, homeostatic model assessment of IR (HOMA-IR) ≥2.0 and overweight/obesity. In 126 children (mean AE SD age 13.6 AE 2.2 years, body mass index [BMI] z-score 3.04 AE 0.66, HOMA-IR 3.48 AE 2.28) anthropometrics, fat mass percentage (FM%), metabolic characteristics, physical activity, food intake and sleep were measured.
Insulin resistance (IR) in adolescence is associated with type 2 diabetes mellitus [T2DM]. The PRE-VIEW (Prevention of Diabetes Through Lifestyle Intervention and Population Studies in Europe and
Around the World) study assessed the effectiveness of a high-protein, low-glycaemic-index diet and a moderate-protein, moderate-glycaemic-index diet to decrease IR in insulin-resistant children who were overweight or obese. Inclusion criteria were age 10 to 17 years, homeostatic model assessment of IR (HOMA-IR) ≥2.0 and overweight/obesity. In 126 children (mean AE SD age 13.6 AE 2.2 years, body mass index [BMI] z-score 3.04 AE 0.66, HOMA-IR 3.48 AE 2.28) anthropometrics, fat mass percentage (FM%), metabolic characteristics, physical activity, food intake and sleep were measured.
Baseline characteristics did not differ between the groups. IR was higher in pubertal children with morbid obesity than in prepubertal children with morbid obesity (5.41 AE 1.86 vs 3.23 AE 1.86; P = .007) and prepubertal and pubertal children with overweight/obesity (vs 3.61 AE 1.60, P = .004, and vs 3.40 AE 1.50, P < .001, respectively). IR was associated with sex, Tanner stage, BMI z-score and FM%. Fasting glucose concentrations were negatively associated with Baecke sport score (r = −0.223, P = .025) and positively with daytime sleepiness (r = 0.280, P = .016) independent of sex, Tanner stage, BMI z-score and FM%. In conclusion, IR was most severe in pubertal children with morbid obesity. The associations between fasting glucose concentration and Baecke sport score and sleepiness suggest these might be possible targets for diabetes prevention.
K E Y W O R D S
dietary intervention, insulin resistance, randomized trial, type 2 diabetes to a high-protein, low-GI (HP-LGI) diet, based on the most successful diet for children in the DiOGenes study. 6 In the present paper, the study design, methods and baseline results are presented.
| MATERIALS AND METHODS
A concise version of the methods is presented below. More information on the study protocol can be found in the Supporting Information.
| Participants
The PREVIEW study in children was a randomized trial conducted at three study sites (Maastricht University, The Netherlands, University of Navarra, Spain, and Swansea University, United Kingdom). Inclusion criteria were age 10 to 17 years, overweight or (morbid) obesity, IR (homeostatic model assessment of IR [HOMA-IR] ≥2.0 for children at Tanner stages ≥3 or any HOMA-IR for children at Tanner stages 1-2), and written informed consent from both parents and children aged ≥12 years. Children were excluded from participation in the presence of medical conditions or medication use that might compromise study outcomes (e.g. T2DM, bariatric surgery or metformin use) and issues leading to difficulty in compliance with the protocol (e.g. severe food intolerances).
| Design and intervention
The first 8 weeks of the study were aimed at weight stabilization in spite of growth. Children received a personalized menu according to the (Table S1 in Appendix S1). Children received personalized menus and recipes in line with their randomization arm and energy needs.
All children received instructions on both high-intensity and moderateintensity physical activity, and exercise in general was encouraged. Nutritional and physical activity counselling was provided at each visit to improve compliance. The study protocol was approved by local Medical
Ethics Committees and was compliant with the Declaration of Helsinki and the International Conference on Harmonization Good Clinical Practice guidelines. The trial was registered at ClinicalTrials.gov (NCT01777893).
| Measurements
Measurements were performed during standardized clinical investigation days (Table S2 in Appendix S1).
| Anthropometric measurements and body composition
Height and weight were measured while children were in a fasted state, barefoot and wearing only underwear. Subsequently, body mass index (BMI), age-and sex-specific BMI z-scores and overweight classifications were calculated. 7 Body composition was measured using air-displacement plethysmography or bio-impedance measurements. Children were classified as prepubertal (Tanner genital/mammae stages 1-2) or pubertal (Tanner stages 3-5).
8,9
| Glucose metabolism, lipids, inflammation, liver variables parameters and blood pressure
After an overnight fast, a blood sample was taken to assess glucose metabolism characteristics, lipids, and inflammation and liver markers (Table 1 and Table S2 in Appendix S1). Insulin sensitivity was assessed using HOMA-
Children were categorized as insulin-resistant when they had HOMA-IR ≥2.0, or any HOMA-IR value for prepubertal children owing to physiologically lower HOMA-IR in early puberty. 3 An average of three blood pressure measurements was used for analyses.
| Lifestyle factors: food intake behaviour, physical activity and sleep
Children completed a 4-day food record to assess energy intake, macronutrient composition, GI and glycaemic load. The Three-Factor
Eating Questionnaire (TFEQ), adapted for children, was used to assess food intake behaviour. 11 In a subcohort at Maastricht University, 24-hour urinary nitrogen was obtained to calculate protein intake. Physical activity was measured by 7-day accelerometry using an Actigraph GT3X accelerometer and by the Baecke questionnaire adapted for children. 12 The Pittsburgh Sleep Quality Index (PSQI) and Epworth Sleepiness Scale (ESS) were used to assess self-reported sleep variables. 13, 14 In a subcohort, sleep was measured using polysomnography. 
| Statistical analyses
In future analyses, the effects of the two dietary arms will be compared using ANOVA repeated measures, with diet as a factor. Multiple regression analyses will be used to identify the contribution of different variables to HOMA-IR change. Baseline analyses in the present paper were performed using the Statistical Package for the Social Sciences (SPSS) 24.0. ANOVA or Mann-Whitney U tests were used to assess differences between the two intervention groups, depending on normality of data. Associations between variables were assessed using Pearson's or Spearman's correlation coefficients, which were corrected for relevant variables. A P value <.05 was considered statistically significant.
| RESULTS
A total of 126 children who completed screening and body composition measurement were included in the baseline analyses (58.7% girls, mean AE SD age 13.6 AE 2.2 years, BMI z-score 3.04 AE 0.66, HOMA- (Table S3 in Appendix S1).
Drop-out analyses showed no differences between children who completed the physical activity and food intake questionnaires and children who did not. Children who completed sleep questionnaires than children who did not complete these questionnaires (Table S4 in Appendix S1).
| DISCUSSION
The present paper describes the methods and baseline analyses of the PREVIEW study in children. PREVIEW is the first international randomized trial to assess the effects of a HP-LGI and MP-MGI diet on IR in insulin-resistant children, independent of weight changes and puberty. In addition, the longitudinal follow-up (2 years) in the PREVIEW study will help fill a gap in the knowledge of HOMA-IR development during puberty in at-risk children.
It has been shown that a reduction in BMI is associated with IR reduction in children with overweight and obesity. 5 The DiOGenes study showed that a diet with a higher protein content, especially when combined with a lower GI, significantly decreased the percentage of overweight and obesity in children of all ages. 6 This study also found that the HP-LGI diet improved glucose metabolism even in the absence of BMI z-score changes. 15 Other studies focusing on IR in children have often included metformin prescription, which hinders evaluation of the independent effects of diet and physical activity on IR. 16 A unique feature of the PREVIEW study is that it studied the impact of a dietary intervention on IR, independent of weight changes, in an at-risk group of insulin-resistant children with overweight/obesity during puberty, without providing metformin.
Baseline participant characteristics were not significantly different between the two intervention groups, demonstrating good randomization. No differences were found in HOMA-IR among children at different Tanners stages or between the sexes, which is probably attributable to including only high-risk children (HOMA-IR ≥2.0) in these analyses.
As expected, pubertal children with morbid obesity had a significantly higher HOMA-IR than prepubertal children or children who were overweight. High HOMA-IR in children with morbid obesity in this and previous studies indicates that these children in particular are at high risk of β-cell exhaustion, which can result in decreased and insufficient β-cell secretion and T2DM. 3, 4, 17 The PREVIEW study aimed to provide more insight into longitudinal IR development during puberty in a 2-year follow-up design.
We confirmed that in insulin-resistant children with overweight and obesity, measures of glucose metabolism are associated with increasing puberty stages and markers of adiposity (BMI z-score, FFMI, FMI and FM%). Response to some lifestyle assessments using questionnaires was quite low because of refusal to answer questionnaires or incomplete questionnaires, limiting interpretation of lifestyle-related outcomes of the intervention. Drop-out analyses showed some differences between children who did and did not complete all assessments, which will be taken into account in future analyses (Table S4 in Appendix S1). In conclusion, the PREVIEW study is a randomized trial aiming to assess the most effective diet for preventing IR increase, independent of weight change, and corrected for puberty stage, in at-risk children with overweight and obesity. Baseline characteristics did not differ between the HP-LGI and the MP-MGI intervention arms. In children with overweight and obesity who were at risk of T2DM development, IR was most severe in pubertal children with morbid obesity. IR was associated with sex, adiposity and Tanner stage. Fasting glucose concentrations were independently inversely related to Baecke sport and positively to sleepiness, indicating these might be possible tools for diabetes prevention.
ACKNOWLEDGMENTS
We thank the children and parents who participated in the PREVIEW study for their cooperation. In addition, we thank all the PREVIEW study team members for their contribution. We would like to thank the team of Zuyderland Medical Centre Sittard for their co-operation in the study.
A grant for this study was received from the European Union 7th
Framework Programme (FP7-KBBE-2012). 
ORCID

